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R E G U L A R  A R T I C L E
Norwegian children and adolescents in blended families are at 
risk of larger one‐year BMI increments




























Aim: To	 study	 how	 sociodemographic	 factors	 and	 family	 structure	 associate	with	
baseline	 BMI	 z‐scores	 (BMIz)	 and	 BMIz	 change	 in	 767	 Norwegian	 children	 aged	
6‐15	years.






















been	 found	 to	be	 important,	with	 low	parental	 educational	 level,3 
high	parental	BMI	4	and	family	break‐up	5	as	known	factors	that	are	
associated	 with	 overweight.	Moreover,	 children	 that	 have	 experi‐
enced	divorce,	or	children	living	with	step‐parents,	are	more	prone	
to	have	problems	in	the	domains	of	academic	achievement,	psycho‐
logical	 well‐being,	 self‐esteem,	 and	 peer	 relations	 and	 frequently	
have	weaker	emotional	bonds	with	their	parents.6
About	 50%	 of	 children	 of	 married	 parents	 experience	 fam‐
ily	 break‐up	 before	 reaching	 the	 age	 of	 18	 years,	making	 this	 a	
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frequent	 childhood	 stressor.7	 Cohabiting	 parents,	 representing	
about	50%	of	parents	in	Norway,	split	up	at	twice	the	rate	of	mar‐
ried	parents,7,8	 but	only	 a	 few	 studies	have	 included	 cohabiting	
parents’	break‐up	 in	addition	 to	divorce	and	 the	blended	 family	
structure	as	a	stressor.9,10	In	most	studies,	these	families	are	cat‐
egorised	as	single‐parent	families,	although	the	child's	 life	could	












ments.11	 A	 total	 of	 8299	 children	 aged	 0‐19	 years	were	 recruited	
and	measured	between	November	2003	and	December	2006	 in	a	
random	selection	of	34	days	care	centres	and	19	schools	in	Bergen	
country.12	 In	 a	 subsample	 of	 seven	 schools,	 children	were	 invited	
for	a	 second	measurement	after	12	months	 (plus/minus	1	month),	
between	 October	 2005	 and	 March	 2006.	 Anthropometric	 data	
were	available	at	baseline	and	at	1‐year	follow‐up	in	1209	children.	
The	 parental	 questionnaire	was	 distributed	 in	August	 2006	 and	 a	
reminder	was	sent	 in	January	2007.	The	response	rate	 for	 the	pa‐
rental	questionnaire	was	67%,	but	somewhat	lower	in	the	children	
above	 12	 years	 of	 age	 (53%).12	 About	 half	 of	 the	 questionnaires	









Height	 and	weight	were	measured	 by	 trained	 healthcare	workers	
using	a	standardised	technique,	as	described	previously.12 The BMI 




























TA B L E  1  Descriptive	statistics	of	children	from	the	Bergen	
Growth	Study	included	in	the	present	analysis
 
Number (% or SD)
N = 767
IOTF at baseline (%) (n = 767)
Normal	BMI	and	underweight 640	(83.4%)
Overweight/obese 127	(16.6%)
Mean baseline BMIz (SD) 0.01	(1.03)
Mean BMI z‐score after 1 y (SD) 0.04	(1.03)




BMIz increments above +1 SDb (%) 125	(16.3%)
Normal	BMI	and	underweight 112	(14.6%)
Overweight/obese 13	(1.7%)
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presence	of	a	step‐parent	and/or	half‐sibling(s),	single‐parent	fami‐
lies	and	nuclear	families.
The	 prevalence	 of	 overweight	 was	 lower	 in	 children	 who	 an‐






gression	models	 according	 to	 sociodemographic	 and	 family	 fac‐
tors.	Models	for	BMIz	increments	were	adjusted	for	baseline	BMIz	
to	correct	for	regression	to	the	mean.	Baseline	BMIz	and	maternal	
BMI	were	 entered	 into	 the	models	 as	 continuous	 variables,	 and	
the	other	variables	as	categorical.	Results	are	presented	for	par‐
tially	adjusted	models	(adjusted	only	for	baseline	BMIz)	and	fully	
adjusted	 regression	 models.	 Relevant	 interactions	 were	 tested	
and	added	 if	 statistically	 significant.	The	Levene	 test	of	equality	
of	 error	 variances	was	 significant,	which	 could	 indicate	 that	 lin‐
ear	regression	was	not	the	best	option,	but	the	difference	in	vari‐
ance	was	not	large	and	visual	inspection	of	residual	plots	showed	
only	 limited	heteroscedasticity.	We	 therefore	 chose	 to	 keep	 the	
linear	models,	which	can	be	interpreted	as	(confounder)	adjusted	
mean	differences	between	groups.	Results	of	the	linear	regression	
analyses	 are	 reported	 as	 unstandardised	 regression	 coefficients	
(B)	that	express	the	effect	on	the	original	measurement	scale	(eg	
maternal	BMI)	with	a	95%	confidence	interval	(CI).	For	independ‐
ent	 variables	 with	 more	 than	 two	 categories	 (eg	 age	 groups),	 B	
is	 a	measure	of	 the	mean	difference	between	one	 level	 and	 the	


















P	 <	 .001).	 There	were	 only	 few	 children	with	 obesity	 in	 our	 study	
group	(n	=	31),	and	none	in	the	oldest	age	group	(12‐15	years)	(Table	1).	
A	majority	of	parents	(64%)	had	a	higher	educational	level,	and	29%	
TA B L E  2  Linear	regression	of	five	sociodemographic	and	family	variables	on	BMI	z‐score	at	baseline;	2	models:	unadjusted	and	adjusted.	
No	significant	interactions






B 95% CI B 95% CI
Boys vs girls 373	(48.6%) −0.061 −0.207;	0.086 −0.470 −0.192;	0.097
Age groups
5.5‐8	y 327	(42.7%) 0.108 −0.078;	0.294 0.124 −0.061;	0.308
9‐11	y 253	(33.1%) 0.056 −0.140;	0.252 0.079 −0.115;	0.273
12‐15	y 185	(24.2%) Ref.    
Parental education
Primary	school 57	(7.5%) −0.209 −0.509;	0.092 −0.118 −0.424;	0.188
Secondary	school	(12	y) 219	(28.7%) 0 Ref. 0 Ref.
Higher	education 487	(63.8%) −0.182 −0.346;	−0.018a −0.129 −0.292;	0.034
Maternal BMI 581	(75.8%) 0.090 0.071; 0.110a 0.087 0.067;	0.107a
Family structure
Blended	family 196	(25.9%) 0.023 −0.148;	0.194 0.007 −0.162;	0.177
Single	parent 61	(8.1%) −0.060 −0.335;	0.215 0.000 −0.269;	0.268
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had	completed	secondary	school.	 In	this	sample,	11.2%	of	the	chil‐
dren	had	at	least	one	parent	originating	from	outside	of	Norway.
Body	Mass	 Index	 z‐score	 increments	 were	 smaller	 in	 children	
with	overweight	(−0.05	±	0.30)	than	in	children	with	normal	weight	
(0.05	±	0.32),	 (t	 test	P	<	 .001).	The	BMIz	 increased	(positive	 incre‐
ment)	in	a	total	of	424	children	(55.3%)	(Table	1),	of	whom	13%	were	





















3.2 | BMIz increments after 1 year
Baseline	BMIz	were	associated	with	lower	BMIz	increments	(Table	3).	
A	low	parental	education,	high	maternal	BMI	and	a	living	in	a	blended	
family	were	associated	with	 larger	BMIz	 increments	 in	both	partially	
(adjusted	 for	baseline	BMIz	only)	 and	 fully	 adjusted	 linear	 regression	
models	(Table	3).
3.3 | Large (>1 SD) BMIz increments (logistic 
regression)
A	high	baseline	BMI	was	associated	with	lower	BMIz	increments	and	








TA B L E  3  Linear	regression	of	five	sociodemographic	and	family	variables	on	BMI	z‐score	increments	after	1	year;	2	models:	adjusted	for	
baseline	BMI	z‐score	and	fully	adjusted.	No	significant	interactions
 N = 767 (%)
BMIz increments




B 95% CI B 95% CI
Baseline BMIz 767	(100%) −0.109 −0.138;	−0.079a −0.053 −0.077;	−0.028a
Boys vs girls 373	(48.6%) 0.014 −0.032;	0.060 −0.002 −0.049;	0.045
Age groups
5.5‐8	y 327	(42.7%) 0.029 −0.030;	0.088 0.005 −0.055;	0.064
9‐11	y 253	(33.1%) −0.024 −0.085;	0.038 −0.041 −0.103;	0.022
12‐15	y 185	(24.2%) Ref.  Ref.  
Parental education
Primary	school 57	(7.5%) 0.109 0.016;	0.202a 0.127 0.029;	0.226a
Secondary	school	(12	y) 219	(28.7%) 0 Ref. 0 Ref.
Higher	education 487	(63.8%) 0.027 −0.024;	0.078 0.042 −0.011;	0.095
Maternal BMI 581	(75.8%) 0.008 0.002; 0.015a 0.008 0.001; 0.014a
Family structure
Blended	family 196	(25.9%) 0.070 0.017; 0.124a 0.060 0.006;	0.115a
Single	parent 61	(8.1%) 0.005 −0.080;	0.091 0.019 −0.067;	0.106






























including	 obesity	 in	 adulthood.19	 The	 connection	 between	 family	








step‐parent	could	also	be	challenging	 for	 the	child	because	of	 the	





with	 family	 members	 may	 become	 tense	 if	 the	 child	 experiences	
loyalty	 conflicts	 or	 a	 strained	 relationship	 with	 the	 step‐parent.6 
Portrie	23	reviewed	the	literature	on	blended	families	and	found	that	
TA B L E  4  Binary	logistic	regression	of	5	sociodemographic	and	family	variables	on	large	BMIz	increments	(>	+1	SDb),	corrected	for	
baseline	BMI	z‐score.	No	significant	interactions
 N = 767 (%)
Binary logistic regression of BMIz >1 SDb
Adjusted for baseline BMIz Fully adjusted
N = 767 N = 701
OR 95% CI OR 95% CI
Baseline BMIz 767	(100%) 0.71 0.59;	0.86a 0.65 0.52; 0.81a
Boys vs girls 373	(48.6%) 1.25 0.85; 1.84 1.34 0.89; 2.03
Age groups
5.5‐8	y 327	(42.7%) 0.65 0.41; 1.02 0.67 0.41; 1.09
9‐11	y 253	(33.1%) 0.43 0.25; 0.72a 0.44 0.26;	0.77a
12‐15	y 185	(24.2%) 1 Ref. 1 Ref.
Parental education
Primary	school 57	(7.5%) 1.62 0.78; 3.38 1.80 0.79; 4.08
Secondary	school	(12	y) 219	(28.7%) 1 Ref. 1 Ref.
Higher	education 487	(63.8%) 1.07 0.68;	1.68 1.20 0.74; 1.94
Maternal BMI 581	(75.8%) 1.07 1.01; 1.13a 1.07 1.01; 1.13a
Family structure
Blended	family 196	(25.9%) 1.93 1.26;	2.96a 1.82 1.16;	2.88a
Single	parent 61	(8.1%) 1.59 0.80;	3.16 1.67 0.83; 3.38
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step‐parents,	 and	 especially	 stepfathers,	 monitored	 stepchildren	
less	 closely	 than	 biological	 parents,	 which	 could	 have	 important	
implications	regarding	their	lifestyle.	Stepchildren	tend	to	perceive	
discipline	from	step‐parents	as	more	harsh,	which	could	raise	con‐
flict	 and	 introduce	 stress.	 In	 the	end,	 especially	 cohabiting	 (ie	 not	
married)	step‐parents	may	have	difficulties	in	finding	their	role	in	the	
family.23	Children	living	in	a	blended	family	could	thus	be	exposed	to	
several	 risk	 factors	 for	 increased	weight	gain,	 if	 stress	 that	 results	
from	adjusting	 to	a	new	stepfamily	 is	added	 to	unhealthy	 lifestyle	
factors	and	stress	related	to	family	conflict.









rate	 in	 our	 study	was	 acceptable,	 the	 slightly	 lower	prevalence	of	








single	 parent	 have	 earlier	 been	 reported	 to	 have	 higher	BMIz	 and	
higher	stress	levels	than	those	living	in	blended	or	nuclear	families,9,10 
but	 these	 studies	did	not	account	 for	 the	presence	of	half‐siblings	















which	 suggests	 that	 children	were	 not	more	 vulnerable	 at	 certain	
ages.	This	 is	 in	agreement	with	Dissing,10	who	found	that	age	was	
unrelated	 to	 stress	 levels	when	 studying	divorce	 in	 children	up	 to	







In	 accordance	with	 other	 studies,3,30	 we	 found	 an	 association	
between	parental	educational	 level	and	the	BMI	 in	their	offspring.	






















single	 parents	 are	 in	 the	 group	 of	 blended	 families,	 for	 example	 if	
the	child	has	a	half‐sibling	from	a	previous	parental	relation,	but	the	
parent	currently	is	single.	If	we	had	information	about	step‐siblings,	





healthy	children	with	a	wide	age‐range	 in	 the	sample,	and	 the	 fact	
that	 the	 questionnaire	 included	 more	 detailed	 information	 about	
blended	families,	when	compared	to	many	other	studies,	as	we	had	
information	about	step‐parents	and	half‐siblings.	Moreover,	we	used	





















BMIz	 increments	 allow	 us	 to	 monitor	 ongoing	 changes	 in	 weight	
and	 could	 be	 valuable	 to	 identify	 children	 at	 risk	 for	 developing	
overweight.
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